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In-vehicle systems have t h e p o t e n t i a l f o r a m e l i o r a t i n g problems a s s o c i a t e d with navigation and o p e r a t i o n s i n c l u d i n g delay, excess f u e l consumption, congestion, and increased s a f e t y r i s k . A p r o l i f e r a t i o n of vehicle-based systems, however, h a s r e s u l t e d i n a l a c k of s t a n d a r d i z a t i o n , and a d i v e r s i t y of functions.
User i n t e r f a c e s a r e c r u c i a l t o system e f f e c t i v e n e s s .
Therefore, while d i s p l a y and c o n t r o l c o n f i g u r a t i o n s w i l l u l t i m a t e l y be determined by t h e marketplace, i t i s important t h a t human f a c t o r s be addressed, and g u i d e l i n e s developed. T h i s w i l l a s s u r e s t a n d a r d i z a t i o n and d i s p l a y and c o n t r o l optimization. Human f a c t o r s have been considered i n terms of seven questions: Why?", "What?", When?", "Where?", "HOW?", "Who?", and .Can?".
I n t r o d u c t i o n
The highway system i s designed t o provide f o r t h e s a f e and e f f i c i e n t movement of people and goods. Although considerable a t t e n t i o n has been d i r e c t e d toward enhancing s a f e t y (11, u n t i l r e c e n t l y ,
less emphasis has been placed on t h e importance of m o t o r i s t n a v i g a t i o n and i t s impact on system e f f i c i e n c y . I t i s now recognized t h a t improper navigation c o n t r i b u t e s t o d e l a y , excess f u e l consumption, congestion, and increased a c c i d e n t r i s k (2).
S t u d i e s ( 3 ) ( 4 ) have found t h a t from 6 t o 15 percent of a l l highway mileage i s "waisted" due t o n a v i g a t i o n a l d e f i c i e n c i e s .
Given annual t r a v e l i n America approaching 2 t r i l l i o n miles ( 5 1 , t h e monitary loss caused by suboptimal n a v i g a t i o n i s immense.
The annual c o s t of n a v i g a t i o n a l e r r o r i n t h e United S t a t e s , n o t counting a i r p o l l u t i o n , i s i n excess of $45 b i l l i o n ( 6 ) .
E f f o r t s are underway i n America and world-wide t o develop systems t o a i d t h e m o t o r i s t ' s n a v i g a t i o n a l t a s k and t o provide o t h e r types of information. These systems have t h e p o t e n t i a l t o a m e l i o r a t e most n a v i g a t i o n problems and t o a i d i n o t h e r a s p e c t s of t h e d r i v i n g t a s k as well ( 7 ) . To d a t e , t h e main emphasis i n t h e development of vehicle-based systems has been t o r e f i n e and improve t h e technology of t h e v a r i o u s systems s i n c e most are s t i l l under development. However, emphasis i s now s h i f t i n g t o a c o n s i d e r a t i o n of a p p l i c a b l e human f a c t o r s , a s t h e u l t i m a t e success of t h e s e systems r e s t s i n t h e i r acceptance and use by t h e motoring public.
This paper i d e n t i f i e s a number of important human f a c t o r s c o n s i d e r a t i o n s and p r e s e n t s information on how t h e Federal Highway Administration (FHWA) i s addressing them. Seven b a s i c human f a c t o r s -r e l a t e d q u e s t i o n s are used as a conceptual framework f o r i d e n t i f y i n g t h e s e c o n s i d e r a t i o n s , and f o r d e s c r i b i n g how they have been or might be addressed by t h e p u b l i c and p r i v a t e s e c t o r s .
Human F a c t o r s Q u e s t i o n s
Why do d r i v e r s need n a v i g a t i o n information? 2. What information do t h e y need?
3. When do t h e y need i t ? 4. Where should t h e information be l o c a t e d ? 5 . How should t h e information be displayed and accessed? 6. Who are t h e u s e r s and w h a t are t h e i r characteristics?, and
Can t h e y u s e t h e systems e f f e c t i v e l y ?
Why? What? and When?
The first t h r e e q u e s t i o n s have been answered by a s s e s s i n g t h e d r i v i n g t a s k i n terms of i t s n a v i g a t i o n a l component.
The Driving Task
Driving i s a sensory-motor t a s k t h a t is dependent on t h e e r r o r -f r e e r e c e p t i o n and u s e of information ( 8 ) . The d r i v i n g t a s k i s c h a r a c t e r i z e d as an information-decision-action (IDA) a c t i v i t y , where information received i n -t r a n s i t i s used with information and knowledge i n -s t o r a g e t o make d e c i s i o n s and perform a c t i o n s i n a continuous feedback process. d e s c r e t e , i n t e r r e l a t e d subtasks. When grouped by I D A conponents, t h e s e s u b t a s k s can be arranged i n t o t h r e e L e v e l s of Performance t h a t assume t h e h i e r a r c h i a l s t r u c t u r e shown i n F i g u r e 1 of Control, Guidance, and Navigation ( 9 ) 6 Driving c o n s i s t s of a number of F i g u r e 1. Driving Task Uodel.
A t t h e Control Level are t h e overlearned v e h i c l e c o n t r o l s u b t a s k s such as s t e e r i n g and speed c o n t r o l d r i v e r s perform continuously. A t t h e Guidance Level arp t h e road following and safe path maintenance subtasks, with t h e i r r e l i a n c e on judgement, e s t i m a t i o n , and prediction. A t t h e Navigational Level, two phases occur, a p r e -t r i p phase where a t r i p p l a n is formulated, and an i n -t r a n s i t phase, where t h e plan i s followed (10). Successful t a s k performance a t a l l l e v e l s r e q u i r e s an a p p r o p r i a t e complement of information. A t t h e navigation l e v e l t r i p planning, r o u t e following, and d i r e c t i o n f i n d i n g a r e e s s e n t i a l l y c o g n i t a t i v e a c t i v i t i e s .
Navigational Information E r r o r free performance of n a v i g a t i o n a l s u b t a s k s r e q u i r e s an a p p r o p r i a t e s t o r e of pre-information with which t o formulate a trip-plan, and an a p p r o p r i a t e d i s p l a y of information i n -t r a n s i t t o follow t h e plan. This information is forthcoming using a v a i l a b l e aids-ta-navigation. F a m i l i a r i t y and t r i p purpose are important elements t o consider.
T r i p Purpose and Driver F a m i l i a r i t y : T r i p purposes range from c o m u t i n g through family/personal t o s o c i a l / r e c r e a t i o n a l ( 1 1 ) . Drivers can be c l a s s i f i e d as Locals who are completely f a m i l i a r with a l o c a t i o n ' s geography and road system; Strangers who are unfamiliar with a l l a s p e c t s of an area; and Local-Strangers who are somewhere i n between. Most l o c a l and commuting t r i p s and t r i p s of s h o r t d u r a t i o n tend t o be on familiar r o u t e s , whereas r e c r e a t i o n a l and o t h e r t r i p s of long duration tend t o be on unfamiliar routes. When purely l o c a l t r a v e l is f a c t o r e d o u t , a high percentage of t h e motoring p u b l i c has some degree of d i r e c t i o n a l u n c e r t a i n t y (12).
Pre-Trip Navigational Aids: Regardless of t r i p purpose, v i r t u a l l y no l o c a l s , v i r t u a l l y a l l s t r a n g e r s , and about one-half of a l l l o c a l s t r a n g e r s prepare a formal, c o d i f i e d t r i p plan. Aids used t o develop t h e plan range from preparation by p r o f e s s i o n a l s through s e l f -p r e p a r a t i o n using maps and brochures t o v e r b a l i n s t r u c t i o n s from i n d i v i d u a l s . The p l a n ' s form v a r i e s from marked-up road maps and s t r i p maps t o step-by-step encoding of l i n k s and nodes t o memory (13).
In-Trip Navigation Bids: I n t r a n s i t , primary formal n a v i g a t i o n a l a i d s are traffic c o n t r o l d e v i c e s such as g u i d e s i g n s and pavement markings. These devices are standardized on America's highway system on t h e b a s i s of road class and n a v i g a t i o n a l need (14).
Devices range from r o u t e markers and street name signs on conventional roads and streets t o overhead g u i d e s i g n s and i n t e r c h a n g e sequence s i g n s on expressways and freeways. I n some i n s t a n c e s , s p e c i a l treatments such as changeable message s i g n s and diagramnatic g u i d e s i g n s are used. 
Information Gathering and Processing
Drivers g a t h e r information from sources i n s i d e and o u t s i d e t h e v e h i c l e and process i t t o formulate decisions. I n some i n s t a n c e s , t a s k demands may be s o simple t h a t d r i v e r s become bored and f a t i g u e d and experience decreased vigilance.
o t h e r hand, t h e r e are s i t u a t i o n s where t h e t a s k i s complex and demanding. may compete f o r a d r i v e r ' s a t t e n t i o n , and many s u b t a s k s may have t o be performed simultaneously. I n t h e s e i n s t a n c e s , which o f t e n occur a t high speeds and On t h e Many sources of information extreme time p r e s s u r e s , t h e key t o s u c c e s s f u l performance is smooth and e f f i c i e n t information gathering, processing, a t t e n t i o n s h a r i n g , and decisionmaking.
s i t u a t i o n s , d r i v e r s must possess a s u i t a b l e s t o r e of information, including a t r i p plan, and must be provided with an a p p r o p r i a t e a r r a y of needed information, when they need it, where they require it, and i n a form b e s t s u i t e d t o t h e i r characteristics ( 1 5 ) .
major cause of highway system f a i l u r e , d r i v e r e r r o r When competent d r i v e r s with a p p r o p r i a t e t r i p p l a n s are provided with s u i t a b l e n a v i g a t i o n a l information i n -t r a n s i t , with s u f f i c i e n t time t o g a t h e r , process, and respond, they are l i k e l y t o navigate s a f e l y and e f f i c i e n t l y (17). However, problems o f t e n occur due t o p r e -t r i p and/or i n -t r a n s i t d e f i c i e n c i e s t h a t r e s u l t i n navigational e r r o r s .
Pre-Trip Errors: t o t r i p plan d e f i c i e n c i e s , ranging from f a i l u r e t o develop a plan t o development of a d e f i c i e n t o r suboptimum one. an improper t r i p plan. The person preparing t h e plan may not possess map reading and t r i p planning s k i l l s . The preparer may not be a b l e t o o b t a i n t h e needed aids-to-navigation o r may f a i l t o t a k e important r o u t i n g f a c t o r s such as c o n s t r u c t i o n , r e c u r r i n g congestion, and new r o u t e s i n t o account. F i n a l l y , t h e preparer may not be a b l e t o a n t i c i p a t e f a c t o r s such as major i n c i d e n t s , adverse weather, etc. and plan accordingly.
P r e -t r i p e r r o r s are due A number of f a c t o r s could r e s u l t i n In-Trip Errors:
I n -t r a n s i t , n a v i g a t i o n a l e r r o r s are caused by t h e l a c k of a t r i p plan, by an erroneous plan, d e f i c i e n t information d i s p l a y , unforseen e v e n t s i n -t r a n s i t n e c e s s i t a t i n g a r o u t e change, and/or t a s k demands t h a t l e a d t o overload, missed choice p o i n t s , and confusion (18)(19).
Drivers without p l a n s expect t o f i n d t h e i r d e s t i n a t i o n s on guide signs. However, i t is not f e a s i b l e o r p o s s i b l e t o d i s p l a y a l l r o u t e s and d e s t i n a t i o n s , and some d r i v e r s may m i s s choice points. It was found (20) t h a t many unfamiliar d r i v e r s with no t r i p plan used guide s i g n s t o g e t t o t h e g e n e r a l v i c i n i t y of where they wanted t o go, and stopped t o ask f o r d i r e c t i o n s t o t h e i r u l t i m a t e d e s t i n a t i o n . An improper t r i p plan could put a m o t o r i s t on a suboptimum r o u t e o r f a i l t o i n c l u d e a needed choice point.
d i s p l a y due t o missing information carriers, i l l e g i b l e carriers, obscurred s i g n s , s i g n s blocked by trucks o r foliage, and information t h a t i s ambiguous, confusing, o r with t o o high an information challenge can a l l r e s u l t i n e r r o r s . Unforseen e v e n t s i n t r a n s i t can negate a plan and r e q u i r e a d r i v e r t o make mid-course c o r r e c t i o n s , g e n e r a l l y with i n s u f f i c i e n t information t o accomplish such c o r r e c t i o n s . occur s i n g u l a r l y o r i n combination, d r i v e r s experiencing problem may slow o r stop. D e f i c i e n c i e s i n n a v i g a t i o n a l I n any of t h e s e i n s t a n c e s , which may Other n a n i f e s t a t i o n s of d i r e c t i o n a l u n c e r t a i n t y i n c l u d e last minute lane changes, hazardous gore weaver, s t o p p i n g and backing on e x i t ramps, illegal U t u r n s , e t c . (21). Thus, navigation problems not only r e s u l t i n i n e f f i c i e n t traffic o p e r a t i o n s , but may c o n t r i b u t e t o a c c i d e n t s by p l a c i n g t h e l o s t or conpused m o t o r i s t and t h e rest of t h e t r a f f i c stream i n jeopardy.
Recovery from Navigational Errors: When d r i v e r s become u n c e r t a i n , confused, l o s t , or o f f t h e i r planned r o u t e , they g e n e r a l l y f i n d i t very d i f f i c u l t t o recover ( 2 2 ) . make d i f f i c u l t o r hazardous course changes a t high speeds, o f t e n with i n s u f f i c i e n t time t o r e a c t . They inay have t o c o n s u l t with hard t o read maps o r s t o p and ask f o r d i r e c t i o n s . One study (23) found t h e navigation t a s k t o be s o demanding i n u n f a m i l i a r urban areas t h a t i t could not be performed by t h e d r i v e r without t h e h e l p of a second "crew" member t o act as a navigator.
They may be r e q u i r e d t o Answers t o "Why?", What?", "When?" m: D r i v e r s need navigation information becaiise of t h e n a t u r e of t h e d r i v i n g t a s k and its n a v i g a t i o n a l component, because of t h e i n a b i l i t y of t h e conventional aids-to-navigation t o f u l f i l l a l l p r e -t r i p and i n -t r a n s i t information needs, because of t h e p o s s i b i l i t y of e r r o r i n h e r e n t i n t h e c u r r e n t s i t u a t i o n , and because of t h e need f o r a n a v i g a t o r t o assist t h e d r i v e r .
e: Drivers need navigation information t o formulate an a p p r o p r i a t e t r i p plan. They need information on t h e most optimum r o u t e commensurate with t h e i r t r i p purpose and d e s i r e s .
They need t o know how t o f o l l o w t h e i r plan i n -t r a n s i t . t o know where they a r e and where they a r e going.
F i n a l l y , they need t o know what t o do i f circumstances f o r c e them t o go o f f t h e i r d e s i r e d path and how t o recover and/or change plans.
They need When?: D r i v e r s need information i n t h e p r e -t r i p phase t o enable them t o formulate t r i p p l a n s and change p l a n s i f circumstances r e q u i r e it. D r i v e r s need information i n -t r a n s i t t o g e t t o t h e i r d e s t i n a t i o n i n t h e most e f f i c i e n t manner. This information must be displayed i n a timely manner t o enable m o t o r i s t s t o n a v i g a t e s a f e l y and e f f i c i e n t l y .
Where?
The q u e s t i o n , "Where should t h e information be located?" has been t a c i t l y answered, given t h e i n t e n s e developmental e f f o r t t o produce vehicle-based navigation and information systems. However, f u l l implementation of in-vehicle systems i n t h e m a j o r i t y of t h e v e h i c l e f l e e t w i l l not be r e a l i z e d f o r many years.
Therefore, for t h e f o r s e e a b l e f u t u r e , navigation w i l l remain as i t is, with d r i v e r s r e l y i n g on maps t o plan t h e i r t r i p s , commercial r a d i o t o inform them of major i n c i d e n t s , and g J i d e s i g n s t o f i n d t h e i r way. The d i s p l a y of n a v i g a t i o n a l information i n -v e h i c l e w i l l be an evolutionary process, and w i l l c o e x i s t with t h e e x t e r n a l d i s p l a y of information f o r y e a r s t o come.
Vehicle-Based Navigation and Information Systems
There a r e a number of ways t h a t i n -v e h i c l e navigation and information systems can a i d t h e d r i v e r ' s t a s k . Depending on t h e form such systems u l t i m a t e l y t a k e , they could develop a t r i p plan, optimize a r o u t e i n real-time, assure error free r o u t e following, a i d i n recovery i f e r r o r s occur and provide a h o s t of information p e r t a i n i n g t o services, a t t r a c t i o n s , weather, s o u r c e s of delay, congestion, road c o n d i t i o n s , and road hazards. I n a d d i t i o n , vehicle-based information systems might provide c o l l i s i o n avoidance information, v e h i c l e s t a t u s information, i n t e r -v e h i c l e communications, and collrnunications w i t h a c e n t r a l a u t h o r i t y .
on t h e type of communications l i n k , such systems could a l s o a i d i n congestion relief by enabling m o t o r i s t s t o r e p o r t i n c i d e n t s and road/traffic c o n d i t i o n s , and by a u t o m a t i c a l l y i n p u t i n g d e l a y and t r a v e l t i m e d a t a t o a central traffic management a u t h o r i t y ( 2 4 ) ( 2 5 ) ( 2 6 ) .
Depending
Many vehicle-based systems a r e under development o r o p e r a t i o n a l throughout t h e world. Stephens (27) i d e n t i f i e d more than 40 of t h e s e systems i n 1986. S i n c e then, a number of new o r improved systems have come under development. Vehicle-based systems range i n c a p a b i l i t y from simple n a v i g a t i o n a l a i d s t o complex m u l t i -f u n c t i o n a l d r i v e r information systems. Using communications t o c l a s s i f y t h e s e systems, t h e following scheme has been developed: No Comunications, e s s e n t i a l l y a s e l f -c o n t a i n e d "smart map"; Area Broadcasting and/or Local Roadside Transmission, providing one-way communications t o t h e u s e r ; and Mobile Radio Systems and/or Local Roadside Transponders, providing two-way communications between t h e purveyor and t h e user.
Since most navigation and information systems are developmental, a determination has not been made a s t o what f e a t u r e s w i l l u l t i m a t e l y be i n c o r p o r a t e d , what communications c a p a b i l i t i e s w i l l be a v a i l a b l e , what infomation w i l l be provided, displayed, and accessed, and whether and what i n f r a s t r u c t u r e w i l l be e s t a b l i s h e d . The exact time-frame f o r implementation i s a l s o u n c l e a r , although e f f o r t s are underway i n America t o begin equipping v e h i c l e s and e s t a b l i s h i n g a siupport s t r u c t u r e . marketplace w i l l u l t i m a t e l y determine t h e f e a t u r e s of vehicle-based systems. I n t h e i n t e r i m , emphasis should be placed on human f a c t o r s as well a s technology t o a s s u r e t h a t whatever systems a r e adopted w i l l be useable, accepted by m o t o r i s t s , and e f f e c t i v e i n a m e l i o r a t i n g n a v i g a t i o n a l and o t h e r prob 1 ems.
Answers t o "Where?" Advancements i n technology and t h e
The q u e s t i o n of where information i s t o be l o c a t e d has two responses. For now, and f o r t h e f o r s e e a b l e f u t u r e , n a v i g a t i o n a l information w i l l continue t o be provided e x t e r n a l t o t h e v e h i c l e . A s vehicle-based systems begin t o come on l i n e , t h e r e w i l l be more and more r e l i a n c e on information being provided in-vehicle, with coexistance between t h e conventional aids-to-navigation and advanced systems. I n t h e f u t u r e , when t h e v e h c i l e f l e e t s are f u l l y equipped, more r e l i a n c e w i l l be placed on in-vehicle information p r e s e n t a t i o n , although t h e r e w i l l probably always be some e x t e r n a l information d i s p l a y .
HOW?
How navigation and o t h e r vehicle-based information should be displayed and accessed i n v o l v e s a c o n s i d e r a t i o n of userlsystem i n t e r f a c e s . t h a t t h e r e a r e so many systems under development, and t h a t each developer is designing d i s p l a y s and c o n t r o l as they s e e f i t has r e s u l t e d i n a l a c k of s t a n d a r d i z a t i o n from system-to-system. This v a r i a b i l i t y has t h e p o t e n t i a l of reducing system e f f e c t i v e n e s s .
The f a c t t h a t few systems a r e It is scheduled f o r completion i n 1991.
Display Considerations
Most 
used. Both t h e v i s u a l and a u d i t o r y channels have a t t r i b u t e s t h a t should be considered when d i s p l a y i n g information. For example, v i s u a l information can be continuously displayed i n t h e v e h i c l e and can t h u s be a v a i l a b l e t o d r i v e r s any time they need it. Auditory information, on t h e o t h e r hand, must be repeated (32). Since most information used i n d r i v i n g is received v i s u a l l y from sources e x t e r n a l t o t h e v e h i c l e , information displayed in-vehicle can d e t r a c t from a d r i v e r ' s information g a t h e r i n g t a s k by r e q u i r i n g a s h i f t i n a t t e n t i o n from t h e road. Unless in-vehicle information can be received i n s h o r t glances or k e p t on s c r e e n t o be viewed when convenient, such information could d e t r a c t from t h e more prime guidance and navigation subtasks (33). I n a d d i t i o n , t h e r e may be competition f o r viewing of in-vehicle navigation and conventional d i s p l a y s which may be a f a c t o r i n commercial v e h i c l e s with m u l t i p l e d i s p l a y s and guages. Emphasis should t h e r e f o r e be placed on integrating n a v i g a t i o n and v e h i c l e status d i s p l a y s whenever possible. While hearing is not a primary sensory i n p u t channel i n d r i v i n g , t h e r e are s i t u a t i o n s such as a t r a i l r o a d grade c r o s s i n g s , and
when emergency v e h i c l e s are on t h e road, when s i g n a l s from on-road sources must be received. If in-vehicle a u d i t o r y d i s p l a y s mask emergency warnings, t h e r e could be a problem. given t o i n t e r f e r e n c e from s t e r i o s , C-B's, and c e l l u l a r telephones There may be cross-modal redundancy Consideration should a l s o be
Display Characteristics and Techniques: Many c o n s i d e r a t i o n s e n t e r i n t o d i s p l a y c h a r a c t e r i s t i c s and techniques used t o convey n a v i g a t i o n a l and o t h e r information. Visual d i s p l a y s
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could be analog, d i g i t a l , v e r b a l , symbolic, and/or naps, as well as corbinatiaas. Auditory 
d i s p l a y s could range from non-verbal warning s i g n a l s and t o n e s t o verbal speech s y n t h e s i s . A v i s u a l d i s p l a y ' s size and l o c a t i o n is a l s o important, s i n c e both f a c t o r s affect t h e u s e r ' s r e c e p t i o n of t h e information.
Thus, v i s u a l d i s p l a y s must be large enough t o b e seen and l o c a t e d within t h e viewer's field-of-view. 
Control Considerations
A range of c o n t r o l techniques a r e being used by t h e v a r i o u s systems developers. Among t h e techniques used a r e push b u t t o n s t o a c t i v a t e a d i s p l a y , computer keyboards t o read-in a t r i p plan, and touch-screens.
There i s a l s o work underway t o develop voice a c t u a t i o n .
Control Design: V i r t u a l l y a l l c o n t r o l s are hand operated.
Hand operated c o n t r o l f u n c t i o n s can be d e s c r e t e o r continuous. Actuation of c o n t r o l s is accomplished by pushing, p u l l i n g , o r turning. Touch-screen c o n t r o l o p e r a t e s by touching a d i s p l a y on t h e VDT (37). Controls can be shape and/or color coded, and may be used v e r b a l o r symbolic legends. A c o n t r o l ' s feel and t h e amount of effort r e q u i r e d f o r a c t u a t i o n are o f t e n important c o n s i d e r a t i o n s . Control a l l o c a t i o n should be considered, depending on vhether f u n c t i o n s are dedicated o r shared. I f voice-accuation i s used, i s s u e s r e l a t e d t o v e r b a l commands such a s language, words used, and v o i c e l e v e l must be addressed. I n t e r f e r a n c e caused by i n -v e h i c l e equipment, conversation, and background n o i s e could a l s o be a problem.
Control Panel Layout:
Control panel l a y o u t c o n s i d e r a t i o n s include c a r p a t a b i l i t y of e x i s t i n g v e h i c l e and navigation system c o n t r o l s , c o n t r o l l o c a t i o n , control-display grouping, and c o n t r o l / d i s p l a y c o m p a t i b i l i t y . User reach and control sequencing may a l s o be important.
Bnsuers t o nHou?n
Displays and c o n t r o l s vary from system-to-system. This l a c k of s t a n d a r d i z a t i o n could be problem when t h e v e h i c l e f l e e t is equipped.
Guidelines are being developed by t h e FHYA t o reduce some of t h e v a r i a b i l i t y , although user i n t e r f a c e i s s u e s w i l l n o t be f u l l y resolved u n t i l t h e form and f u n c t i o n s of t h e s e systems are f i n a l i z e d .
Since t h e r e is no consensus on a "design driver', t h e q u e s t i o n , "Who are t h e u s e r s of t h e systems, and what are t h e i r c h a r a c t e r i s t i c s ? ' ' must be addressed. Unlike m i l i t a r y systems whose o p e r a t o r s a r e r e a d i l y defined w i t h i n a narrow range, f o r consumer o r i e n t e d vehicle-based systems, i t must be assumed t h a t t h e t a r g e t u s e r population i s t h e o v e r a l l d r i v i n g population.
User Characteristics
It is probable t h a t systems w i l l be designed f o r t h e 8 5 t h p e r c e n t i l e d r i v e r with regard t o anthropemetics such as s e a t e d eye h e i g h t and reach.
S i m i l a r y , u s e r demographics w i l l match t h e o v e r a l l d r i v i n g p o p u l a t i o n ' s with regard t o parameters such as age: from a low of 14 t o d r i v e r s 80+; sex: with an almost equal s p l i t of males and females; soci-economic status: from wealth t o poverty; education: g e n e r a l l y a t least a high school education; and t r a i n i n g : from none t o t r a i n e d , p r o f e s s i o n a l d r i v e r s .
I n considering u s e r c h a r a c t e r i s t i c s , i t should be understood t h a t vehicle-based systems w i l l not be f u l l y o p e r a t i o n a l and i n widespread use u n t i l t h e 2 1 s t Century. Thus, f u t u r e , r a t h e r than c u r r e n t c h a r a c t e r i s t c s should be accounted f o r i n design and operation. T h i s is p a r t i c u l a r y important with regard t o age, where t h e r e is a t r e n d toward an i n c r e a s i n g l y o l d e r d r i v e r population.
Estimates are t h a t d r i v e r s 65+ w i l l c o n s t i t u t e 20 percent of t h e t r a f f i c stream by t h e year 2023 (38).
Characteristics A f f e c t i n g Perception: One of t h e most important u s e r c h a r a c t e r i s t i c a f f e c t i n g system design and o p e r a t i o n is perception. I t i S c r i t i c a l t o system o p e r a t i o n a l e f f e c t i v e n e s s t h a t displayed information is received and handled.
There a r e many v i s u a l sensory i n p u t c h a r a c t e r i s t i c s t h a t should be considered, t h e most b a s i c being t h a t t h e i n d i v i d u a l r e c e i v i n g t h e information must have adequate v i s i o n t o s e e t h e diplay. P o v i a l v i s i o n should be use t o r e c e i v e t h e information, r e q u i r i n g proper placement of t h e d i s p l a y i n t h e d r i v e r ' s f i e l d of view. The v i s u a l a c u i t y of t h e user is a l s o important, s i n c e v i s u a l d i s p l a y s w i l l be verbal/symbolic. a f f e c t s l e g i b i l i t y requirements and emphasizes t h e importance of letter/symbol s i z e , s t y l e , and c o n t r a s t . Given t h a t vehicle-base systems d i s p l a y information in-vehicle, v i s u a l accorPmodation w i l l be c r i t i c a l , as u s e r s w i l l be c o n s t a n t l y s h i f t i n g from d i s p l a y s i n and o u t of t h e vehicle. a t t r i b u t e t o consider is c o l o r v i s i o n , and color w e a k n e s s .
Visual a c u i t y Another I n a similar manner, t h e r e a r e a number of a u d i t o r y sensory i n p u t c h a r a c t e r s i s t i c s t o be considered i f a u d i t o r y d i s p l a y s a r e used, t h e most b a s i c being t h a t t h e u s e r must have adequate h e a r i n g t o r e c e i v e t h e information. S i g n a l s and or speech must possess t h e r e q u i s i t e frequency range, i n t e n s i t y , and f i d e l i t y t o be heard in-vehicle.
Characteristics A f f e c t i n g Information Handling:
I n handling information, d r i v e r s must be a b l e t o s h i f t a t t e n t i o n from one source of information t o a n o t h e r , and properly tine share t h e various decisionmaking components a s s o c i a t e d with t h e numerous s u b t a s k s they must perform i n -t r a n s i t .
The number of information carriers and t h e i r information challenge a f f e c t a u s e r ' s r e a c t i o n time, and may l e a d t o overload o r error i f t o o g r e a t (39).
Drivers use task sharing and memory t o handle s e v e r a l sources of information, p o i n t i n g t o t h e importance of short-term and long-term memory. Reinforcement of p r e v e l a n t d r i v e r expectancy a i d s i n information handling by reducing r e a c t i o n time. When information sources compete f o r a d r i v e r ' s a t t e n t i o n , d r i v e r s l o a d shed l e s s important sources t o a t t e n d t o and process more important ones. The number of sources ( i n and o u t of t h e v e h i c l e ) and t h e i r pacing affect t h e d r i v e r ' s information handling. Too much information, d i s p l a y e d too f a s t , could l e a d t o overload, while too l i t t l e information could l e a d t o decreased vigilance. F i n a l l y , t h e information l e a d d i s t a n c e i s important, as information must be received i n s u f f i c i e n t time f o r decisionmaking and performing a r e q u i r e d maneuver.
Decrements
There a r e a number of decrements t h a t can l e a d t o suboptimum system operation. Some a r e a s s o c i a t e d with t r a n s i t o r y states induced by a l c o h o l or drug abuse, extreme fatigue, emotional distress, a t t i t u d i n a l problems, and lawbreaking.
I t may not be p o s s i b l e t o account f o r t h e s e i n design. Other decrements such as i l l i t e r a c y , inexperience, and a l a c k of knowledge could be overcome by experience, t r a i n i n g , and making t h e system user-friendly.
There are a l s o a number of decrements a s s o c i a t e d with t h e user population which should be taken i n t o account i n system design. These i n c l u d e color weakness: which
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affects 8 percent of t h e male population; d e f i c i e n t v i s u a l a c u i t y : which may not be f u l l y c o r r e c t a b l e o r f a c t o r e d out by d r i v e r l i c e n s i n g ; poor v i s u a l accoeaodation: between information i n s i d e and o u t s i d e t h e v e h i c l e , which may be p a r t i a l l y o f f s e t by b i f o c a l s ; hearing loss: which is g e n e r a l l y n o t t e s t e d f o r , b u t which a f f e c t s a s i z e a b l e p o r t i o n of t h e population; and i n a t t e n t i o n : which is a r i s k f a c t o r i n accidents.
E f f e c t s of Age: Perhaps t h e most s i g n i f i c a n t decrements are t h o s e a s s o c i a t e d with aging. A s t h e d r i v i n g population becomes i n c r e a s i n g l y o l d e r , more and more e l d e r l y m o t o r i s t s w i l l be using vehicle-base systems. Information on a l l a s p e c t s of t h e aging process is still incomplete, and no exact age c r i t e r i o n f o r "elderly" is agreed upon. However, i t is probable t h a t o l d e r system u s e r s would experience d i f f i c u l t y due t o poor v i s u a l a c u i t y , tunnel visim, presbiopia, slower reaction-time, poor hearing, and o t h e r age-related problems. design as e l d e r l y i n d i v i d u a l s experience decreases i n s t r e n g t h and f l e x i b i l i t y (40)(41). Consideration may have t o be give?l t o designing i n -v e h i c l e systems f o r t h e o l d e r user.
Age could a l s o be a f a c t o r i n c o n t r o l Answers t o t h e "Who?" Question I n response t o t h e q u e s t i o n of who t h e u s e r s of t h e navigation and information systems are, t h e answer is u l t i m a t e l y everybody.
c h a r a c t e r i s t i c s might a f f e c t system o p e r a t i o n s is a harder question t o answer, as t h e r e is no consensus f o r a design user.
person/machine i n t e r f a c e s , d i s p l a y s and c o n t r o l s must match t h e c h a r a c t e r i s t i c s of operators. The fact t h a t t h e u s e r population is aging, and t h e r e f o r e possesses diminished c a p a b i l i t i e s , should a l s o be taken i n t o account.
How u s e r
However, as i n t h e case of a l l can? -The l a s t q u e s t i o n "Can d r i v e r s use t h e systems e f f e c t i v e l y ? " assesses two i s s u e s : 1. Can d r i v e r s use t h e information e f f e c t i v e l y ? and 2. Do t h e s e systems a f f e c t t h e e f f i c i e n c y and s a f e t y of t h e highway system? The b e s t way t o r e s o l v e t h e s e i s s u e s is through o p e r a t i o n a l experience. t h e long time-frame f o r implementation, it w i l l n o t be p o s s i b l e t o f u l l y answer t h e 'fcann question i n t h e short-term. I n t h e i n t e r i m , i t is p o s s i b l e t o provide preliminary answers through t e s t i n g experience as systems come on-line i n America and world-wide, However, given Governmental E f f o r t s
The FHWA has developed a High P r i o r i t y National P r o g a n Area (HPNPA) t o s y s t e m a t i c a l l y assess t h e e f f e c t i v e n e s s and impacts on t h e highway system of a number of vehicle-based systems (42).
The HPNPA i n c l u d e s t h e following p r o j e c t s : While f u l l answers t o t h e question concerning whether vehicle-based systems can be used e f f e c t i v e l y by t h e motoring p u b l i c await implementation and o p e r a t i o n a l experience, i t is expected t h a t t h e answer w i l l be "yes".
It is f u r t h e r expected t h a t when human f a c t o r s g u i d e l i n e s are applied t o i n t e r f a c e design and operation, t h e s e systems w i l l n o t adversely affect highway s a f e t y . Preliminary r e s u l t s from on-going s t u d i e s support t h e s e expectations.
Conclusion
I n conclusion, t h e r e are numerous human f a c t o r s c o n s i d e r a t i o n s t h a t should be accounted f o r i n t h e design and operation of vehicle-based navigation and information systems. Many i s s u e s still remain t o be resolved. Some may be resolved a n a l y t i c a l l y , o t h e r s e m p i r i c a l l y , and s t i l l o t h e r s await f u l l scale implementation and o p e r a t i o n a l experience. A s i n t h e case of similar technological advances, an evolutionary process w i l l occur as t h e technology i s r e f i n e d and marketplace f o r c e s come t o bear. A t t h i s stage i n t h e development of navigation and information systems, i t is important t h a t government and p r i v a t e i n d u s t r y , e l e c t r o n i c s engineers and human f a c t o r s s p e c i a l i s t s , work t o g e t h e r t o produce optimum systems c o n f i g u r a t i o n s f o r t h e motoring public. 
